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Crustal Deformations
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Centrifuge Permeameter

Centrifuge model:
System : [ Element.dVol

Permeameter : Element behaviour
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Top of Embankment

Induced Trench Installation
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Minor Road Project

Final Grade of Embankment
Coarse Rock Fill
578 m .
Compressible = =) =
Fill Material 347 m
(sawdust)
Borrow "A"
Class "A" -6 :
Backfill — Material
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Vertical Pressure Measured in Centrifuge

250
Average Vertical
Pressure Measured

200 - H=10.15m Positive Projecting, 1.16
- H/Bc = 8.8
o
=, i .
o 150
5 Overburden
§ g o -
o aakal
2 100 -
<
=
@
w Induced Trench - Thin Layer of EPS, 0.38

~ —)
50 O -~
F— = =
Induced Trench - Design Thickness of EPS, 0.24
0 T T 1 T T
6 7 8 9 10 11 12 -

Prototype Fill Height (m), above Top of Culvert L&y C'Core



Pressure Measurement Comparison

Field Measured Centrifuge Model FLAC Simulation
Values
Induced Trench Gy =36 kPa Gy =30 kPa
(centrifuge model ratio = 0.24 ratio = 0.20
parameters) ' '
ratio = 0.47 ratio = 0.52

Induced Trench G, =49 — 78 kPa G, = 79 kPa
(hield configuration) | i0 024 0.39 ratio = 0.37
[Circular Culverts]

Gp=93-110kPa o = 118 kPa

ratio = 0.44 — 0.51 ratio = 0.53
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1993 : C-CORE
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Canadian National Facility

e NSERC funded student access 1994 - 2014
— 10 Universities & Other Research Institutes

e HMDC funded student access in 2015-2017
— RDC funds enabled Drive Upgrade

e Recent student projects included

— Urban frost heave
— Rain induced landslides , ,
— Earthquakes on piles .
. . Y| .
— Oblique pipe loads Ql_lleﬁmﬁ UNIVERSITY

— Pile capacity deterioration
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Chilled air
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Calgary Frost Heave Pipeline Test Facility

4 Pipe Sections, 48” diameter

Control, Deep Burial,
Gravel Bed, Restrained

- Carlson (f984) CGJ
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Full-scale Comparison
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McKenzie & Alaskan Gas Pipelines

e Mitigation strategies

Prudhoe Bay

oeta | e Drainage
NG e Restraint
RV R N e Thermosyphons

e Cyclic operation

\ P
.,_" = L & '_/ )
L».\ s - RADIATOR
s WSS (HEAT EXCHANGER)
E

<— HEAT TUBES

’80-90 ’90-"00 ‘00-’10 ’10- on - ‘nz_.n +~0.6m MIN. PENETRATION

IN PERMAFROST




CANLEX OVERVIEW

IN SITU TESTS SAMPLE RECOVERY
CPT Frozen
SPT Unfrozen
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MODEL TEST
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surcharge — " ikl SOMPARISON
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Canadian Earthquake Hazard Mitigation
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COSTA-B MODEL
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COSTA-B Response

Acceleration, g

Displacement, mm
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 Results included
 Accelerations
 Displacements
 Pore pressures
* Profiles
 Photographs
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Liquefaction Remediation Initiative
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George Massey Tunnel
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Iceberg Gouging
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Phenomenological Validation
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Ice Keel/Seabed/Pipeline Interaction
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2014 : U.o.A. Civil Eng
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2016 : R.M.C.
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2019 on : UWO Drum Centrifuge
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